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LUBRICATION OF UNDERGROUND 
MINING MACHINERY 


NDERGROUND mining as distinguished from 
strip mining requires the driving of a shaft, 
adit or slope into the ground either vertically 
or on an angle according to the lay of the land. Via 


precision bearings. Lubricating oil research proved 
that carefully selected additives would give extreme 
pressure properties and improve the rust prevention 
and oxidation-resisting qualities with the result 


this entrance the coal or ore 
is removed and the miners 
come and go. Underground 
galleries or tunnels lead off 
from the main shaft at vary- 
ing levels according to the 
location of the coal seams or 
ore veins. 

Mechanized mining is the 
rule today, although full 
mechanization as far as mech- 
anical haulage is concerned 
depends upon the angle and 
size of the deposits. In the 
coal fields, it is readily ap- 
plied. Many metal deposits, 
however, run at angles suf- 
hciently steep and varying as 
to render a full mechanical 
haulage system too costly 
compared with the amount of 
ore to be extracted. 

Lubrication has played an 
important part in the devel- 





NDERGROUND mining dates 

back to antiquity. It followed the 
discovery by prehistoric man that cer- 
tain metals, notably copper, could be 
pounded into useful shapes to aid in 
self-preservation. The utility value of 
copper was discovered after man 
learned how to make fire and to use its 
heat value for cooking. Then he began 
to eat his meats cooked, requiring crude 
cooking utensils which he also shaped 
out of copper. 

In the beginning, man obtained his 
supply of metals from out-croppings or 
from stream beds. Mining by digging 
tunnels into the earth was a later de- 
velopment after crude tools had been 
fashioned. This prehistoric relation of 
tools to mining still prevails. The deep 
shaft mine was not practicable until 
drilling tools were perfected; volume 
production only became possible when 
cutting machines were designed to re- 
lieve the miners of tedious pick-work 
and loaders and hoisting machinery was 
built to remove the ore or coal as rapid- 
ly as it was cut from the vein or seam. 


that the modern lubricants 
are more durable and able to 
give better protection to the 
machinery involved. 

Quite naturally, it was 
necessary for the Petroleum 
Industry to become ac- 
quainted with the methods 
and machinery involved in 
modern mining; to be aware 
of the operating conditions 
and the prevailing means of 
lubrication available to meet 
both machine design and op- 
erating conditions. This re- 
quired cooperative work with 
progressive machinery build- 
ers and mine operators who 
appreciated the value of lu- 
brication as the outstanding 
factor in reducing the cost of 
machinery maintenance. 

Underground mining be- 
gins at the face of the vein 





opment of underground min- 





or seam. Here the coal or 








ing machinery. Petroleum re- 
search contributed materially by perfecting the type 
of lubricants required to meet the operating condi- 
tions. Grease research, in addition, encouraged the 
usage of better bearing seals and the acceptance of 


ore must be broken away and 
at the same time broken up into sizes convenient 
for handling. The machinery required will depend 
upon the type of material. Anthracite coal and metal 
ores are broken out from the seams by blasting or 


[1] 





LUBRICATION 





January, 1948 





Courtesy of Ingersoll 





Rand Company 


Figure 1 — The Ingersoll-Rand mine-car compressor. 


“caving,” after suitable drilling with air or electric 
drills. Bituminous coal is mined by cutting, or it 
can be blasted with slow explosive. Then mechani- 
cal loading equipment handles it into mine cars. 
Electric power is widely used for operation of me- 
chanical loaders and the electric locomotives which 
haul the cars to the main shaft haulage system. 


POWER REQUIREMENTS 
Compressed air and electricity predominate as 
power mediums in underground mining. The for- 
mer for operating drills, stopers, some types of loco- 
motives and other pneumatically operated tools; the 
latter for motor-driven fans, cutters, loaders, blow- 
ers, pumps, compressors and electric locomotives. 


Ait Power 

In the mine, air power is developed through elec- 
tric driven air compressors. Above ground air com- 
pressors, however, may be electric, steam or internal 





Courtesy of Imperial-Cantrell Mfg. Co 
Figure 2 —The Cantrell Type ‘'S-P’’ self-propelling mine 
compressor. 


combustion engine-driven. Air tools are lubricated 
most dependably when the source of air supply is 
located as close to the tools as practicable. In this 
way, possibility of rust accumulations within long 
lengths of pipe, and subsequent interruption of the 
functioning of tool mechanisms can be reduced. 
This is often accomplished by locating compressor 
rooms below ground or by use of the mobile type of 
motor-driven mine compressor of low head con- 
struction which can be readily moved through gal- 
leries or from one level to another, with minimum 
change in piping connections. 

Mine compressors are designed to exclude dust 
as far as practicable. The working parts of portable 
machines are very frequently provided with sheet 
metal covers. Air filters must be used to remove 
abrasive dust from the intake air. This protects the 
compressor parts and tool mechanisms and reduces 
the possibility of accumulation of abrasive or gummy 
deposits around rings and in the air lines. 


Air Compressor Lubrication 


Lubrication of air compressor cylinders requires 
an oil of very high lubricating ability inasmuch as 
minimum quantities must be used. The degree of 
refinement, the tendency to form carbon deposits, 
the volatility and viscosity of the oil must all be 
considered in determining the suitability. The oil 
should not be so volatile as to evaporate from the 
cylinder walls but should distill completely from the 
hotter discharge valves in order to reduce the pos- 
sibility of gum formations, carbon deposits and 
mechanical failure of any part of the system. 

It is impossible to prevent these deposits entirely 
where adverse conditions prevail, for mineral lubri- 
cating oils, regardless of their base or nature, will 
either evaporate or decompose to carbon when ex- 
posed as a thin film on hot surfaces. On the other 
hand, the extent of this decomposition will depend 
upon the length of time the oil is exposed to such 
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Figure 3 — The Worthington Blue Brute self-rotating stoper. The large oil reservoir supplies lubrication to all moving parts. 


With oils of the same degree of refinement, 
the one which remains on the discharge valves th« 


heat 


longest will form the greatest amount of carbon; 
the tdeal oil will leave the valves entirely clean and 
free from deposits, especially when it ts fortified 
with an additive to prevent rust and oxidation. 

Before selecting the oil every etfort should be 
made to eliminate any adverse conditions which are 
mechanical and which cannot be corrected by lubri- 
cation 


The Effect of Dust and Dirt 


Analysis of numerous so-called carbon deposits 
has proved them to consist more of dirt than of car- 
bon, the whole being held together by gummy mat- 
ter from decomposed oil, especially where the latter 
has a wide range of distillation, high end point, or 
too high a viscosity. Such an oil will not vaporize 
cleanly, becoming sticky and collecting dirt brought 
in by the air. The longer such an oil remains in the 
compressor, or the greater the volume of oil in 
volved, the more carbon-like deposits will ultimately 
be developed with greater possibility of compressor 
trouble 

Carbonaceous deposits may develop in air com 
pressor cylinders in a hard mass, or may be produced 
in the form of soft, dry or flaky dust and pass out 
with the air. Carbon will often collect in pockets, 
elbows, or in sharp edges of piping or connections 
and become mixed with dirt taken in by the air as 
well as with any oil which may have been vaporized 
in the cylinder and later condensed at these points. 
An excess of such deposits may be injurious to air 
operated equipment. They are also detrimental as 
the tendency will be to restrict the air flow unless 
the system is cleaned out at regular intervals. 


AIR-POWERED DRILLING 
EQUIPMENT 

Lubrication of air-powered drilling equipment is 
effected at the tool itself. So the means of lubricat- 
ing the mine drill and the picking or punching ma- 
chine have been given very careful study. The mech- 
anisms are complicated, being composed of numer- 
ous small parts which may readily become inopera- 
tive if improperly lubricated. The air provides an 
excellent medium for carrying lubricant to certain 
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of these parts. This is accomplished by locating a 
suitable lubricating device in the air line. 

The cylinders, pistons and rifle bars in the recip- 
rocating type of drill are lubricated by the air line 
oiler, using an oil of light to medium viscosity of 
cither straight mineral, E.P. or compound nature 
according to the conditions of operation. 

Gears and crankcase bearings are served by a 
light or semi-fluid lubricant. As ball and roller bear- 
ings are widely used on crankshaft and connecting 
rod assemblies, this lubricant should be chemically 
stable and capable of protecting these bearings de- 
pendably. At best, mine drill lubrication is a prob- 
lem, as the mechanisms operate under thrust, impact 
and sliding conditions which are very severe. In 
view of this, only the most carefully selected lubri- 





Courtesy of Gardner Denver Comp 


Figure 4 — A Gardner-Denver Model S-55 sinker. 
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Figure 5 — Details of the Cleveland PD-24 drifter. 


cants should be considered, which are fully capable 
of withstanding these adverse conditions. 


Rust Prevention and Heat Resistance 

The air conditions and high humidity which 
often prevail in mine operations have caused rust 
prevention to be regarded as one of the most im- 
portant characteristics in a drill or air tool lubri- 
cant. Almost as important is ‘‘adhesiveness’’ and 
“heat resistance” where it becomes necessary to pro- 
tect tool mechanisms such as the rifle bar against 
overheating and checking which may be caused by 
lubricant wiping off the closely fitted sliding parts. 


Service Conditions 

Water, (especially acid mine water) will impose 
a severe duty on any mine drill lubricant, however 
suited it may be to the other operating requirements, 
due to the tendency water may have to wash off the 
lubricating film from wearing surfaces and to rust 
internal working parts when the machine is idle 
for any length of time. It is for this reason that com- 
pounded lubricants, i.e., mineral oils containing 
varying percentages of animal oil or soap in com- 
pound, or oils with film strength additives are 
recommended for the lubrication of drills and other 
equipment in drilling where water is used to remove 
cuttings and to eliminate dust. Lubricants of this 
nature emulsify with water, by virtue of their fatty 
content, creating an adhesive emulsion which sticks 
tenaciously to all wearing elements and resists the 
washing effects of water and the tendency towards 
rusting. 

In dry drilling cuttings are removed by air blast. 
Where rock drills are designed to function dry, 
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however, the air should be absolutely dry, that is, as 
tree from moisture as possible. On such equipment 
straight mineral lubricants are generally satisfactory. 
Extreme pressure properties which are gained by 
additives, are beneficial in a drill lubricant when 
drilling under severe load conditions. Extra pro 
tection to the rifle bars and other parts results 


Clean Air Is Necessary 

Foreign matter, such as coal, rock dust or water 
may gain entry through careless handling of the 
drill or pick. Some dirt may also be carried through 
the drill by the air itself. Any such foreign matter 
will be detrimental and cause abnormal wear. Every 
attempt is normally made to obtain clean, pure air. 
It is not always available, however, depending upon 
the location of the compressor, the air intakes, 
whether or not air filters are installed, and the 
cleanliness of the air coolers and air lines. Further- 
more, unless extreme care is exercised dirt and abra- 
sive material will find its way into air and water 
hoses when disconnected or stored. This material 
is blown into the drill when the hose is again con 
nected. In addition, particles of rubber from the air 
hose and gaskets may find their way into the air 
passages and cylinders, to interfere with free opera- 
tion of the drill mechanism. To eliminate such 
troubles a wire strainer of suitable fineness located in 
the inlet pipe is advantageous in removing much 
of the above mentioned foreign matter from the air 
prior to contact with the tool mechanisms. This 
strainer should be cleaned frequently. 


MINE PUMPS 


Seepage of mine waters into shafts and galleries 
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OIL RESERVOIR 


UNDER AIR PRESSURE 


Courtesy of Independent Pneumatic Tool Compan) 


Figure 6 — The Thor Model 75 sinker rock drill. 
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Courtesy of Chicago Pneumatic Tool Compan 


Figure 7 — Sectional details of The Chicago Pneumatic CP-60N Rotordrifter. 


requires the installation of large volume pumping 
units. Mine pumps must operate dependably be 
cause any failure may result in flooding and subse 
quent costly overhaul and repair of electrical equip 
ment, not to speak of loss of production Pump 
lubrication and maintenance therefore, is of vital 
concern to the underground mine operator 

Mine pumps have been operated by steam, but in 
more recent years the compressed air-driven pump 
or electric motor is favored with the latter 
being probably the most reliable, flexible, ethcient 
and least costly. The lift, the extent of seepage and 
the availability of power largely control the type of 
pump and method of drive 

Mine pump lubrication must be approached ac 
cording to the type of pump and method of drive 
The air-driven pump in design ts very similar to a 
steam pump, with air serving as the power medium. 
Temperature conditions in the valve chest and cylin- 
der or cylinders of an air-driven pump, however, are 
not as severe since compressed air in expanding to 


drive 


do work cools down rapidly in the cylinder. Even 
so, a straight mineral compressor oil of around 200 
or 300 seconds Saybolt Universal Viscosity at 100 
degrees Fahr. will be suitable. Usually the same oil 
as provided for the mine compressors is used 

The electric-driven mine pump requires lubri- 
cation according to type. A direct connected centri 
fugal pump involves only the pump impeller shaft 
and motor bearings. The geared reciprocating pump 
rs lubrication of crankshaft 


and connecting 
rod bearings, reduction gearing 


and motor bearings 


Bearing lubrication is approached according to 
whether the bearings are sleeve-type, ring-oiled, or 
ot ball or roller type. In the ring-oiled sleeve-type 
bearing the compressor oil can be used. Ball or 
roller bearings, however, generally are designed for 
grease lubrication, and require a special ball or 
roller bearing grease capable of affording prote: 
tion against rust, and resisting oxidation. 

The pump reduction gears are lubricated accord 
ing to the extent to which they are housed. They are 
usually of heavy construction and designed to oper- 
ate exposed or at least only partly guarded, which 
gives no protection to the lubricant. The lubricant, 
therefore, must be carefully selected as to its vis- 
and ability to stick to the teeth. The viscosity 
is based on the operating conditions such as the 
speed, the size and type of the gears, the average 
surrounding temperatures and the amount of dust 
or dirt in the air. Adhesiveness insures that the lubri- 
cating film will be tenacious and not be washed oft 
by water. A special gear lubricant of from 500 
to 2000 seconds Saybolt Universal Viscosity at 210 
degrees Fahr. is designed to meet these conditions 


FANS AND BLOWERS 


Ventilation is one of the most important items in 
the operation of underground mines, especially in 
the coal fields. There are frequently deadly as well 
as inflammable gases concealed in some coal pockets 
and even the coal dust itself can be as explosive as 
the gases if it comes in contact with a spark or flame. 
The hazard can only be reduced by adequate ventila- 


COsIt 





Figure 8 — The Whaley ‘‘Automat" 


loading shovel. This machine is designed for 


Courtesy of Myers 


Whaley Company 


“Centro Matic" lubrication. 
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Courtesy of Le Rot Company 


Figure 5 — Details of the Cleveland PD-24 drifter. 


cants should be considered, which are fully capable 
of withstanding these adverse conditions. 


Rust Prevention and Heat Resistance 

The air conditions and high humidity which 
often prevail in mine operations have caused rust 
prevention to be regarded as one of the most 1m- 
portant characteristics in a drill or air tool lubri- 
cant. Almost as important is ‘‘adhesiveness’’ and 
“heat resistance’ where it becomes necessary to pro- 
tect tool mechanisms such as the rifle bar against 
overheating and checking which may be caused by 
lubricant wiping off the closely fitted sliding parts. 


Service Conditions 

Water, (especially acid mine water) will impose 
a severe duty on any mine drill lubricant, however 
suited it may be to the other operating requirements, 
due to the tendency water may have to wash off the 
lubricating film from wearing surfaces and to rust 
internal working parts when the machine is idle 
for any length of time. It is for this reason that com- 
pounded lubricants, i.e., mineral oils containing 
varying percentages of animal oil or soap in com- 
pound, or oils with film strength additives are 
recommended for the lubrication of drills and other 
equipment in drilling where water is used to remove 
cuttings and to eliminate dust. Lubricants of this 
nature emulsify with water, by virtue of their fatty 
content, creating an adhesive emulsion which sticks 
tenaciously to all wearing elements and resists the 
washing effects of water and the tendency towards 
rusting. 

In dry drilling cuttings are removed by air blast. 
Where rock drills are designed to function dry, 




















however, the air should be absolutely dry, that is, as 
free from moisture as possible. On such equipment 
straight mineral lubricants are generally satisfactory. 
Extreme pressure properties which are gained by 
additives, are beneficial in a drill lubricant when 
drilling under severe load conditions. Extra pro 
tection to the rifle bars and other parts results 


Clean Air Is Necessary 

Foreign matter, such as coal, rock dust or water 
may gain entry through careless handling of the 
drill or pick. Some dirt may also be carried through 
the drill by the air itself. Any such foreign matter 
will be detrimental and cause abnormal wear. Every 
attempt is normally made to obtain clean, pure air. 
It is not always available, however, depending upon 
the location of the compressor, the air intakes, 
whether or not air filters are installed, and the 
cleanliness of the air coolers and air lines. Further- 
more, unless extreme care is exercised dirt and abra- 
sive material will find its way into air and water 
hoses when disconnected or stored. This material 
is blown into the drill when the hose is again con 
nected. In addition, particles of rubber from the air 
hose and gaskets may find their way into the air 
passages and cylinders, to interfere with free opera 
tion of the drill mechanism. To eliminate such 
troubles a wire strainer of suitable fineness located in 
the inlet pipe is advantageous in removing much 
of the above mentioned foreign matter from the air 
prior to contact with the tool mechanisms. This 
strainer should be cleaned frequently. 


MINE PUMPS 


Seepage of mine waters into shafts and galleries 
































OIL RESERVOIR 


UNDER AIR PRESSURE 


Courtesy of Independent Pneumatic Tool Compan) 


Figure 6 — The Thor Model 75 sinker rock drill. 
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Courtesy of Chicago Pneumatic Tool Compan 


Figure 7 — Sectional details of The Chicago Pneumatic CP-60N Rotordrifter. 


requires the installation of large volume pumping 
units. Mine pumps must operate dependably be 
cause any failure may result in flooding and subse 
quent costly overhaul and repair of electrical equip 
ment, not to speak of loss of production. Pump 
lubrication and maintenance therefore, is of vital 
concern to the underground mine operator 

Mine pumps have been operated by steam, but in 
inore recent years the compressed air-driven pump 
or electric motor drive is favored with the latter 
being probably the most reliable, Hexible, ethcient 
and least costly. The lift, the extent of seepage and 
the availability of power largely control the type of 
pump and method of drive 

Mine pump lubrication must be approached ac 
cording to the type of pump and method of drive 
The air-driven pump in design is very similar to a 
steam pump, with air serving as the power medium. 
Temperature conditions in the valve chest and cylin- 
der or cylinders of an air-driven pump, however, are 
not as severe since compressed air in expanding to 
do work cools down rapidly in the cylinder. Even 
so, a straight mineral compressor oil of around 200 
or 300 seconds Saybolt Universal Viscosity at 100 
degrees Fahr. will be suitable. Usually the same oil 
as provided for the mine compressors is used 

The electric-driven mine pump requires lubri- 
cation according to type. A direct connected centri- 
fugal pump involves only the pump impeller shaft 
and motor bearings. The geared reciprocating pump 
requires lubrication of crankshaft and connecting 
aa bearings, reduction gearing and motor bearings 


Bearing lubrication is approached according to 
whether the bearings are sleeve-type, ring-oiled, or 
ot ball or roller type. In the ring-oiled sleeve-type 
bearing the compressor oil can be used. Ball or 
roller bearings, however, generally are designed for 
grease lubrication, and require a special ball or 
roller bearing grease capable of affording protec 
tion against rust, and resisting oxidation. 

The pump reduction gears are lubricated accord 
ing to the extent to which they are housed. They are 
usually of heavy construction and designed to oper- 
ate exposed or at least only partly guarded, which 
gives no protection to the lubricant. The lubricant, 
therefore, must be carefully selected as to its vis- 
cosity and ability to stick to the teeth. The viscosity 
is based on the operating conditions such as the 
speed, the size and type of the gears, the average 
surrounding temperatures and the amount of dust 
or dirt in the air. Adhesiveness insures that the lubri- 
cating film will be tenacious and not be washed oft 
by water. A special gear lubricant of from 500 
to 2000 seconds Saybolt Universal Viscosity at 210 
degrees Fahr. is designed to meet these conditions 


FANS AND BLOWERS 


Ventilation is one of the most important items in 
the operation of underground mines, especially in 
the coal fields. There are frequently deadly as well 
as inflammable gases concealed in some coal pockets 
and even the coal dust itself can be as explosive as 
the gases if it comes in contact with a spark or flame. 
The hazard can only be reduced by adequate ventila- 
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The Whaley “Automat” loading shovel. This machine is designed for ‘‘Centro-Matic"’ lubrication. 
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MAINTENANCE LUBRICATION CHART 
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tion and continuous removal of the explosive gases 
by a ventilating system of adequate capacity. 

Actual circulation of air is accomplished by large 
fans sometimes up to twenty feet in diameter, which 
draw out the foul air and gases and enable fresh 
air to be blown in. Sometimes special shafts or ducts 
are used, but often the fresh air is drawn in through 
the working or hoisting shafts and adits. The vari- 
ous headers and galleries must be arranged so that 
there is a current of air in them at all times. When 
a coal seam or ore vein is worked out the gallery is 
closed off by “‘brattice work’’ batiles, bulkheads or 
partitions so that air is being forced only through 
the working headers or into the head of new drifts. 
In this way the load on the ventilating system is 
kept down. Brattices are also employed to control 
the flow of fresh air and to direct the exhaust. 

Mine fans are located above or below ground. 
Modern practice is to drive them by electric motors. 
Motor and fan bearings are comparable with the 
bearings on mine pump motors, i.e., sleeve-type, 
ring oiled, or equipped with ball or roller bearings 
which are usually grease lubricated by pressure gun, 
although some larger fans have oil lubricated ball 
or roller bearings. 


CUTTING MACHINERY 
The coal cutter is employed in the bituminous or 
soft coal fields, also for soft ores as in potash and 
salt mining. This device operates on trucks or self- 
laying tracks driven through a worm and gear, with 
chain connections to the wheels. 


\ TIMKEN BE ARIN 
GREASE Tw 


PER SHIFT 


Coal cutting is a heavy duty operation which im- 
poses severe loads upon the chains, gears and bear- 
ings which comprise the working parts of the ma. 
chine. In turn, these loads react upon the lubricants, 
so selection and application of the latter is most im- 
portant. Primarily they must be carefully refined 
products adapted to the design of the parts on which 
they are to be used. Some machines can be lubri- 
cated by a soft grease or an oil of medium heavy 
body, 1e., ranging in viscosity from 300 to 500 
S.S.U. at 100 degrees Fahr. On other equipment 
where gears and bearings are lubricated by the same 
system, a heavier product is generally used, such as 
a light to medium gear oil, or a steam cylinder oil. 
Some, however, use both grease and oil 

Cutter chain lubrication may sometimes present 
a problem as the chains are often exposed and sub- 
ject to the abrasive effects of dust. Cleaning and 
periodic lubrication are therefore most important, 


Cost of Maintenance 

Cutter and loader maintenance and the cost of 
parts replacement may become quite an item on the 
cost records. Proper lubrication reduces this item 
because of its ability to counteract the effects of 
wear, just as it reduces power consumption. Wear 
will often be extensive on the moving elements of 
any coal mining machine, regardless of the atten- 
tion given to lubrication, for the presence of exces- 
sive amounts of coal dust and other abrasive matter, 
and the possibility of dampness may interfere seri- 
ously with retention and distribution of lubricants, 
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Most 
le protection ts obtained by using an adhesive 
ant with E.P. qualities to en- 
able the film to withstand shock loads. On the bear- 
will meet 


de- 


unless parts are very tightly enclosed. 
pendabl 
water-resistant lubric 
ings an oxidation-resistant grease best 
the operating conditions 

Whenever gears or bearings must be renewed, it 
will be advisable to investigate whether or not the 
entire train, or all the bearings warrant renewal. 
Merely to install a new gear, or renew the bearing 
of a gear shaft will not insure correct meshing in 
case the companion gears or bearings are worn to 
any great extent. In fact, this would only lead to 
more rapid wear of the new member. Heavier 
grades of gear lubricants might offset high tooth 
clearances co a certain extent, but if the gears do not 
mesh properly one or the other will cut, and no 


lubricant can be expected to correct such a condition. 


MECHANICAL LOADING 


Loading is a most important procedure in mech- 
anized mining. It has a decided effect upon the rate 
of production. Spec tally designed coal and ore load- 
ers for underground service have been developed 
for mechanically loading the materials into mine 
cars for handling to above-ground machinery. The 
dev elopment of the mechanical loader was a valu- 
able contribution to the program of power mining 
which has become such a factor in increasing pro- 
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Pcares 
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duction and decreasing cost per ton. 

The modern coal loader is a combination gather- 
ing, conveying and materials handling device. The 
gathering and scraping mechanisms dig into the 
loosened coal or ore and drag it onto the conveying 
unit which in turn delivers it to the mine cars. It ts 
an interesting device in contrast with the shovel- 
loader which is used in other types of mining. 

All the mechanisms of either of these machines 
must function in intimate contact with abrasive 
materials which are decidedly conducive to wear. 
To offset this wear, the gears, chains and bearings 
must be properly lubricated at all times. 


Methods of Lubrication 

The modern loader is designed for automatic oil 
lubrication or grease by a hand-operated or power 
driven gun, according to the design and arrange- 
ment of the parts to be lubricated. Where the gears 
and bearings can be served from a central reservoir, 
a relatively heavy bodied straight mineral oil is 
suitable. The viscosity will be adequate to assure ot 
gear tooth protection, yet the lubricant will be pos- 
sessed of sufficient fluidity to enable it to carry 
through the bearing clearances. 


Hydraulic Power 
Oil hydraulic power has greatly increased the 
efficiency of the modern mechanical loader by im- 
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Figure 11 — Lubrication chart for the Eimco Model 12B, 21 Rocker Shovel. 


proving its material-handling ability. For this pur- 
pose a high grade of hydraulic oil should be used. 
It must resist emulsification or sludging in the 
presence of moisture, protect against rust, resist 
oxidation and still be capable of lubricating all parts 
within the system which may require lubrication. 
Plungers and plunger rods and valves must work 
freely at all times, otherwise the purpose of hydrau- 
lic operation will be defeated. 
External Parts 

There are also some exposed parts which must 
be lubricated. Their protection is most important 
due to the possibility of wear by contact with abra- 
sive materials. Periodic lubrication is usual on such 
parts, using a medium consistency cup grease or 
light medium straight mineral oil according to the 
means provided for application. Exposed gears, 
however, require a heavier lubricant, of from 1000 
to 2000 Seconds Saybolt Universal viscosity at 210 
degrees Fahr. Such a product resists loss by centri- 
fugal force and sticks tenaciously to the gear teeth. 
It should be applied sparingly, however, as excess 
tends to accumulate foreign matter to ultimately 
cause wear or even tooth breakage if the mixture 
packs between the gear teeth. 


THE CONVEYOR IN MINING 
OPERATIONS 


Conveyor mining was developed to utilize the 
sectional chain or belt type conveyor. It is especially 
adaptable to handling of either anthracite or bitu- 
minous coal when the convevor and loading device 
is operated in conjunction with, or as a follow-up 
machine to, the cutter as the latter works along the 
face of the seam. A conveyor system also can be 
made supplementary to a mine car or hoist system 
or in some cases installed as the primary means of 
coal handling to the breaker or point of shipment. 

Cutting, loading and ccnveying are operations 
which are of necessity inter-related in any type of 
underground mining. The product must be moved 
from the face as rapidly as it is cut or broken away, 
otherwise congestion will develop to retard produc- 
tion. The modern mechanical loader (as already 
stated) is most helpful in this regard. Coupled with 
a conveyor mechanism to handle the coal either 
directly to mine cars or onto a gathering conveyor, 
it provides a rapid system of materials handling. 

Electric power is employed in conveyor mining 
to drive the enclosed worm reduction gear, which 
in turn drives the conveyor unit by chain connec- 
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tion at a predetermined speed, according to the rate 
of loading. As the drive assembly is carefully en 
closed, lubrication is amply protected and can be 
maintained by conventional lubricants which are 
suited to the operating mechanisms, viz.: a medium 
bodied straight mineral machine oil for ring-oiled 
motor bearings; a special ball or roller bearing 
grease for bearings of this type; and a spec tally pre- 
pared gear lubricant for the worm gear unit. Chains 
lubricated in a manner similar to other 
power-transmitting chains elsewhere in the mine. 


can be 


MECHANICAL HAULAGE 


Until underground mining methods were mech- 
anized, man power and the mule were the control- 
ling elements which dictated how much tonnage 
could be produced per day. The coal cutter, the 
mechanical loader and the conveyor changed all 
this with the result that electric mine locomotives 
and mine car wheel bearings were greatly improved. 


Mine Cars 

Mine cars interest us froma lubrication angle since 
free rolling wheel bearings are necessary to be sure 
that maximum drawbar load is handled by the loco- 
motive with minimum power consumption. 

Mine car wheel lubrication has received consid- 
erable attention inasmuch as the volume of lubrt- 
cants required is oftentimes the largest on the mine 
lubrication schedule. Accordingly, it is well to know 
more about the details of design, the provisions for 
lubrication, the operating conditions which may 
prevail and the lubrication schedule. 
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Design is of particular interest. It involves the 
constructional features of the plain sleeve type 
bearing as compared with the hollow axle type or 
the cavity type of wheel: likewise, the relative con 
trast of these sleeve type bearing details as com- 
pared with ball or roller bearing applications to 
mine car wheels. 


The Plain or Sleeve Type Bearing 

Ihe conventional sleeve type mine car wheel 
bearing is patterned after the railway car wheel bear 
ing, being designed to enable the use of oil-satu- 
rated wool yarn or waste packing. 

Effective lubrication is assured by regular atten 
tion to loosening of the cotton or wool waste, or 
oil-carrving material and resaturating with a suit- 
able grade of straight mineral machine or car oil, 
or a light grade of liquid grease. Matting or glazing 
of the oil-carrying materials should never be al- 
lowed to occur; this will reduce the capillarity of the 
packing and prevent free circulation of lubricant. 
Turning the wool yarn occasionally will retard the 
tendency towards glazing and will lengthen the life 
of the packing. 


The Hollow Axle 

This involves a hollow axle of tubular steel, the 
hole extending completely through the axle, which 
acts as a reservoir for lubricant. At the outer part of 
the axle, near each end is a steel cup and a spring 
loaded valve similar to an ordinary check valve with 
the exception that the guide is several inches long. 
A spiral spring encircles the valve stem and com- 
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Courtesy of Joy Manufacturing Company (Sullivan Division) 


Figure 13 — The mechanism of The Joy 42-D shuttle car which is completely equipped 
for pressure grease lubrication. 


pels the valve to maintain a bearing on the seat, 
thus preventing leakage of the lubricant from the 
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Courtesy of Sanford-Day Iron Works 


Figure 14 — Details of the Sanford-Day Floater ball bearing 
mine car wheel. 


axle. At the point on the axle corresponding to the 
bearing surface of the wheels, the axle tube is per- 
forated sufficiently to permit passage of the lubri- 
cant from within the axle outward to the contact 
surface of the axle with the inner bushing of the 
wheel hub. 


A grease of comparatively low consistency is well 
adapted to this type of design, although the con- 
struction will permit of oil lubrication where de- 
sired. A charge of lubricant within the axle will 
usually last from 3 to 4 months without renewal 


where axle sealing valves function effectively. 


Cavity or Self-Oiling Wheels 

This type of mine car wheel is lubricated from 
an oil or grease reservoir around the hub. The lu- 
bricant is fed to the axle or journal through port- 
holes staggered in the hub. Such delivery of lubri- 
cant, however, only occurs when the car is idle or 
running slowly. At higher speeds centrifugal force 
tends to carry the lubricant to the outer surface of 
the reservoir. Due to possibility of leakage, care 
should be observed in regard to the amount of 
lubricant used. In generai, the lubricant level 
should be maintained on a I'ne with the lower part 
of the axle when the car is at rest. 

A highly refined straight mineral engine or car 
oil of medium to heavy viscosity normally will be 
best suited to the operating conditions and will 
insure most complete protection of the bearings. 
Where service in cold weather is essential the vis- 
cosity should be reduced and the oil should have a 
sufhciently low pour test to insure proper flow 
through the distributing ports. 


It 1s also perfectly practicable to use a mine car 
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grease where there is possibility of oil leakage. 
Here again adequate fluidity at low temperatures is 
advantageous. Wheels designed for grease lubrica- 
tion are similar to those which are to be served with 
oil, except that frequently larger ports are used to 
facilitate passage of grease to the bearings. 


Ball and Roller Bearings 


In mine car wheel ball and roller bearings the 
protective nature of the seals permits the use of 
high quality grease for lubrication. By use of prop- 
erly refined lubricants of maximum lubricating 
value, the frequency of relubrication can be reduced 
and the bearing elements more effectively protected. 
Where low temperature may prevail, the lubricant 
must be suited to these conditions and capable of 
functioning without becoming too hard. It is im- 
portant to remember that the function of the lubri- 
cant is dual in that it must not only protect the roll- 
ing elements against corrosion, but also lubricate 
the contact surfaces of the bearing parts. 

Soft or semi-fluid greases are best suited for 
anti-friction mine car bearings. Where the bear- 
ings are of ball, cylindrical or tapered construction, 
a harder grease will be advisable than on hollow 
flexible bearings. Such a grease will furnish a bet- 
ter cushion between the axle and bearing than a 
softer grease. Furthermore, it will also form a better 
seal against possible entry of dust, dirt or water, 
provided the bearing itself is equipped with a rea- 
sonably tight seal. Lubrication of flexible roller 
bearings, however, can be best accomplished with a 


semi-fluid or so-called liquid grease. The usual con- 
struction of such bearings provides for the hollow 
spaces within the rollers serving as grease reser- 
voirs. In consequence, the lubricant must be sufh- 
ciently fluid to pass through and penetrate to all 
the surfaces of contact. It should never channel 
around the rollers, or tend to gum, otherwise pro- 
tection of the bearings will be seriously impaired. 
In all underground work wheel bearing seals 
are most important for when properly installed and 
of suitable design they keep out slime, dirt and 
water effectually, and give better protection to both 
the bearings and the lubricant. Most mine floors are 
at least damp — some are wet —and coal slopes 
are sometimes unlevel which causes water pools to 
accumulate sometimes decp enough to cover the 
mine car wheel axles. Drainage adds another com- 
plication as it may wash coal dust or rock dust into 
some types of bearings unless seals are tight. 


MINE LOCOMOTIVES 

Mine locomotives are generally operated by elec- 
tric power or compressed air. Electric locomotives 
can be built more compactly but the overall installa- 
tion may be more expensive due to the cost of the 
power transmission system. Compressed air loco- 
motives require only the track system but the units 
are heavier and more bulky and require special 
high pressure air compressor installations. 

Mine locomotives operate under much the same 
conditions as do mine cars. Their lubrication re- 
quirements are, therefore, similar to other under- 
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16—Top View of a G-E Mine-type electric 


Figure 


locomotive, cover removed to show the operating 


mechanisms. Arrows indicate location of grease cups 


ground mining machinery. Axle bearings are lubri 
cated according to the type of bearing. 

Gears, in turn, require the use of a specially pre- 
pared gear lubricant of sufficient body or consist 
ency to enable it to adhere tenaciously to the gear 
teeth and overcome vibration and wear. Where 
gears are enclosed in oil-tight housings, a light 
bodied lubricant may be used to advantage, in order 
to assure reduction in drag and power consumption. 


WIRE ROPE ON MINE HOISTS 


The mine hoist became more and more important 
as deeper shafts and the working of lower levels 
was adopted. Some of these operations require 
thousands of feet of wire rope, comparable to ele- 
vator service in a modern ofthce building, although 
quite naturally the service is much more rugged 
due to possible contact with water, acids, dirt and 
falling rock. 

Effective lubrication insures against premature 
wear, it retards corrosion and prolongs the life of 
the rope. To perform these functions most effec- 
tively the lubricant must not only prevent friction 
between the strands which comprise the rope, espe- 
cially when the latter is bent in passing over sheaves 
or hoisting drums, but also it must prevent entry 
of water, acids or dirt which would cause corrosion 
or abrasion. 


Lubricant Characteristics 

A wire rope lubricant must penetrate between 
the strands and yet stick tenaciously to the contact 
surfaces. In addition to these properties, the prod- 
uct must not cake, gum or ball-up if contaminated 
with an excess of dust, dirt, or metallic particles. 
It must also be retained on the strands even at high 
temperature; this directly involves the nature of the 
lubricant as well as relative fluidity. Viscosity, while 
important from the standpoint of ease of applica- 
tion, should not be regarded as an indication of 
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lubricating ability; penetration and adhesiveness 
are far more important 

The viscosity of a wire rope lubricant for mine 
service will range generally from 500 to 1200 
seconds Saybolt Universal at 210 degrees Fahr., 
according to the operating temperature and the 
intensity of the moisture conditions. The heavier 
grades are preterred for warm conditions where 
there might be possibility of a lighter lubricant 
thinning down to the extent of dripping off. Con- 
versely, under relatively cold conditions, a lighter 
lubricant should be used. 


Application of Wire Rope Lubricants 

High viscosity or semi-fluid wire rope lubricants, 
by virtue of their inertness should be applied in 
heated condition. Merely to daub or paint a rope 
with such a product at normal temperatures would 
be relatively ineffectual. Even though the surface 
might be more or less coated, the possibility of 
penetration occurring to any extent would be re- 
mote. This latter is the secret of effective wire rope 
lubrication. 


CONCLUSION 


This discussion of mechanized mining and the 
lubrication of the machinery involved is presented 
to emphasize the relation of lubrication to power 
consumption and dependable production. Obvious- 
ly, an organized lubricatior procedure, where the 
lubrication engineer is the predominating factor, is 
the basis. The machinery involved is costly and 
many of the parts are precision built. The output 
of the mine niet upon synchronized operation 
of all this machinery with production-line efficiency. 
The lubrication engineer assures of this by advising 
in the selection of lubricants and by seeing that 
they are properly protected in storage and carefully 
applied. 
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AN EASIER START your trains will start and roll more easily, move greater 
TOWARD tonnage on every shift. 


Texaco Olym pian Grease is made in three consistencies 


— all very easy to apply. It has exceptional resistance to 
separation and leakage, and is not affected by moisture in 
IZ, service. It prolongs bearing life, and assures fewer tie- 


ups of cars for repairs and servicing. 


KR GE For Texaco Products and Lubrication Engineering 
Service, call the nearest of the more than 2500 Texaco 

NA Distributing Plants in the 48 States, or write The Texas 

() Company, 135 East 42nd Street, New York 17, N. Y. 


TEXACO MAINTENANCE LUBRICATION CHARTS showing 
the proper Texaco lubricants to be used on underground 
mining machinery are available on request. Order the 
charts you need by make and model of each machine. 


THE TEXAS COMPANY ° TEXACO PRODUCTS ° DIVISION OFFICES 
ATLANTA 1,GA. . . . 133 Carnegie Way HOUSTON 1, TEX. . . 720 San Jacinto Street 
BOSTON 17, MASS. . 20 Providence Street INDIANAPOLIS 1, IND., 3521 E. Michigan Street 
BUFFALO 3,N. Y. . . 14 Lafayette Square LOS ANGELES 15, CAL. . 929 South Broadway 





BUTTE, MONT. . . Main Street & Broadway MINNEAPOLIS 2, MINN. . 300 Baker Bidg. 

CHICAGO 4, ILL. . 332 So. Michigan Avenue NEW ORLEANS 6, 1A., 919 St. Charles Street 

DALLAS 2, TEX. . . 2310 So. Lamar Street NEW YORK 17,N.Y. . 205 East 42nd Street 

DENVER 1,COLO. . . . . 910 16th Street NORFOLK 1, VA. . Olney Rd. & Granby St. 
SEATTLE 11, WASH. . . 1511 Third Avenue 


Texaco Products distributed throughout Canada by McColl-Frontenac Oil Company, Limited, MONTREAL, CANADA 














